Abstract: A compartmental approach to the diagnosis of the mediastinal masses in children and adults has been widely used to facilitate the diagnosis and planning of diagnostic interventions and surgical treatment for many years. Recently, a new computed tomography-based mediastinal division scheme, approved by the International Thymic Malignancy Interest Group, has received considerable attention as a potential new standard. In this review article, this new computed tomography-based mediastinal division scheme is described and illustrated. In addition, currently used imaging modalities and techniques, practical imaging algorithm of evaluating mediastinal masses, and characteristic imaging findings of various mediastinal masses that occur in children and adults are discussed. Such up-to-date knowledge has the potential to facilitate better understanding of mediastinal masses in both pediatric and adult populations.
The mediastinum comprises the thoracic compartment bounded by the thoracic inlet superiorly, the diaphragm inferiorly, the posterior sternal border anteriorly, and posteriorly by the vertebral column. 1, 2 Over the years, multiple compartmental classification schemes have been developed, traditionally based on lateral radiograph anatomy. However, traditional schemes largely split the mediastinum on the basis of arbitrary and nonanatomic divisions. With increased multidetector computed tomography (MDCT) usage, the diagnosis and treatment of mediastinal lesions has nearly completely shifted from chest radiography (CR) to MDCT. Thus, a new classification system for dividing the mediastinum is warranted and has recently been brought forth in the medical literature. 3, 4 In 2014, the Japanese Association of Research of the Thymus was the first group to propose a CT-based mediastinal classification system. Here, the authors performed a retrospective review of 445 pathologically proven mediastinal lesions, proposing a CT-based 4-compartment model. 3 This 4-compartment model is advantageous given its similarities to other established radiologic and anatomic 4-compartment models, its efficacy as the Japanese Association of Research of the Thymus group demonstrated, and its recognition that thyroid goiters primarily remain confined within the superior mediastinum. Disadvantages relate to the added complexity of having a fourth compartment, nonanatomic features of the 4-compartment scheme, and the overall perception within the medical community of the lack of usage by clinicians and radiologist of the existing 4-compartment paradigms. 4 Considering these factors, the International Thymic Malignancy Interest Group (ITMIG) sought to develop and recently published a CT-based 3-compartment mediastinal classification system. Here, 45 experts across several disciplines were surveyed with results finding that 72% preferred a 3-compartmental CT-based classification system. Sixty-seven percent believed that such a system would lead to optimal disease entity distinction. Ultimately, the ITMIG proposed mediastinal division into prevascular (anterior), visceral (middle), and paravertebral (posterior) compartments (Fig. 1) . 4 The prevascular compartment is located anteriorly within the chest, and its major contents are the thymus, lymph nodes, mediastinal fat, and the left brachiocephalic vein. It is bounded by the thoracic inlet superiorly and the diaphragm inferiorly. Laterally, the prevascular compartment is demarcated by the mediastinal parietal pleural reflections, the inferior and superior pulmonary veins, and the bilateral internal thoracic artery and vein. The posterior cortex of the sternum represents the anterior margin, whereas the anterior aspect of the pericardium represents the posterior margin. As the pericardium extends along the anterior margins of the ascending aorta, the aortic arch lateral rim, the superior vena cava anterior margin, and along the superior and inferior pulmonary veins, these structures are not included in the prevascular compartment. The differential diagnosis for prevascular compartment masses includes lymphoma, metastatic disease, thymic abnormalities and thymic variants, germ cell neoplasms, and intrathoracic goiter (Table 1) . 4 Each of these entities along with diseases primarily affecting the visceral and paravertebral compartments will be discussed in detail below.
Like the prevascular compartment, the visceral compartment is bounded inferiorly by the diaphragm and superiorly by the thoracic inlet. The posterior boundary of the prevascular compartment forms its anterior border, whereas the posterior border is defined by a series of vertical lines connecting points on each vertebral body 1 cm posterior to the vertebral body anterior cortex. 4 Major prevascular contents include vascular structures, for example, heart, aorta, intrapericardial pulmonary arteries, thoracic duct, and superior vena cava, and nonvascular structures, for example, esophagus, trachea, and lymph nodes. Visceral compartment abnormalities include malignant and reactive lymphadenopathy, tracheal and esophageal lesions, foregut duplication cysts, and lesions of the pericardium, heart, and great vessels ( Table 1) .
The paravertebral compartment is delimited superiorly by the thoracic inlet, inferiorly by the diaphragms, anteriorly by the posterior border of the visceral compartment, and posterolaterally by a vertical line along the posterior chest wall margins adjacent to the lateral margins of the thoracic transverse processes. The paravertebral compartment major contents include the paravertebral soft tissues. 4 As such the primary abnormalities in this compartment include neurogenic tumors (Table 1) . Traumatic lesions and infection may also affect soft tissues in this compartment.
With consideration for each compartment and the general differential diagnosis based on compartmental location, it is imperative to have an understanding of the relative strengths and weaknesses for individual imaging modalities, practical imaging algorithms, and a detailed understanding of the individual imaging findings and management issues for each mediastinal mass. This article attempts to address these issues and to increase the readers' understanding of the imaging evaluation of mediastinal masses detected in pediatric and adult patients.
CURRENT IMAGING MODALITIES AND TECHNIQUES
To develop an accurate and cost-effective imaging plan, there are 4 primary goals when imaging mediastinal masses: (1) identification and accurate compartmental localization; (2) detailed mass description; (3) provision of an accurate and succinct differential diagnosis; (4) recommendation of a cost-effective imaging and patient management plan. Currently, available modalities for mediastinal mass evaluation include: CR, ultrasound (US), 
CR
In nearly all cases, CR represents the first modality in imaging mediastinal masses and is advantageous because of its relative low cost, widespread availability, and ease of acquisition. There are disadvantages, particularly in the pediatric population, relating to the use of ionizing radiation and overall poor performance in comparison with other imaging studies. In comparison with MRI and MDCT, CRs have decreased sensitivity for detecting small mediastinal masses. Moreover, rarely can a definitive diagnosis be made solely on CR, necessitating additional cross-sectional imaging. The exact technique used is dependent on patient age, but obtaining both frontal and lateral radiographs is preferable. In the very young or the very sick, a lateral radiograph may not be feasible, and a supine frontal radiograph must suffice. Occasionally, a cross-table lateral can be performed to more accurately localize the lesion if a true lateral is unobtainable.
US
Because of suboptimal acoustic windows, US has a limited role in adults and children above 5 years of age, which represents its major disadvantage. However, in young children its usefulness increases and is particularly advantageous in differentiating a prominent but otherwise normal thymus from a true mediastinal mass. Other advantages include its lack of ionizing radiation, portability, widespread availability, and capability for real-time scanning evaluation. Typical technique includes imaging through the suprasternal, parasternal, sternal, subxiphoid, and intercostal approaches with the patient lying supine. Prone and decubitus positions may also be needed depending on the mediastinal compartment involved. 5 Transducer selection is based on patient age and size. A 5 to 10 MHz linear-array transducer is used in infants and neonates. In older children and adults a 2 to 4 or 4 to 7 MHz linear-array or sector transducer may be needed. 5 Images are acquired in at least 2, if not 3, orthogonal planes. Doppler may be added to define internal vascularity.
CT
Despite the increased utilization of US in pediatrics, CT, specifically MDCT, continues to have a prominent role in the imaging of pediatric and adult mediastinal masses. Advantages are plentiful and include widespread availability, imaging acquisition speed, which has significantly decreased the need for sedation in young children, and its high spatial resolution. MDCT has been specifically shown to have a high accuracy for characterizing the size, location, and adjacent organ involvement in the evaluation of mediastinal masses 1, 6 as well as affecting clinical management in 65% of cases and adding additional diagnostic information in 82%. 1, 6, 7 The primary disadvantage of CT lies in its relatively high radiation dose, although this particular disadvantage is subject to much current research and technical innovation. 8 
MRI
Given its superior tissue-contrast resolution and lack of ionizing radiation, MRI has been increasingly utilized for mediastinal mass evaluation in children and adults. Its historical disadvantages have progressively decreased with significant research and clinical interest in providing superior contrast resolution and spatial resolution near that of CT while decreasing the need for sedation through novel ultrafast sequences. MRI provides both physiological and anatomic data, unlike other imaging modalities. Furthermore, MRI is able to differentiate internal mass constituents, particularly cystic from solid components, which CT struggles to define.
Specific MRI protocols vary depending on institutional preferences and equipment availability, but some general principles and sequences are worth consideration. If available, an 8-channel or greater cardiac coil is recommended. Useful sequences include: coronal fast-recovery fast spin-echo (FRFSE) T2 with fat saturation; axial FRFSE T2 with fat saturation; axial T1 or double inversion-recovery sequence; coronal gadolinium-enhanced 3-dimensional MR angiography spoiled gradient-recalled echo sequence; and postgadolinium, fat-saturated axial and coronal T1 sequences. Breath-holding or respiratory triggering is recommended for the FRFSE sequence to reduce motion artifact. Electrocardiography gating and a breathhold are needed to optimize the double inversion-recovery sequence.
Nuclear Medicine Studies
Available nuclear medicine studies for mediastinal mass evaluation primarily include positron emission tomography (PET) often coregistered with CT (PET/CT) and metaiodobenzyguanidine (MIBG) imaging. Historically, gallium-67 imaging represented an additional nuclear medicine test used in mediastinal lymphoma but is rarely utilized today.
Although PET/CT is not currently the first-line modality for the evaluation of mediastinal masses, it has become a near first-line modality for tumor staging, treatment response assessment, and postcompletion therapy assessment in lymphoma. 1, [9] [10] [11] [12] [13] [14] In comparison with other imaging techniques, PET is superior for differentiating scar and nonviable residual tissue from viable tumor, detecting tumor foci within normal-appearing lymph nodes, and extranodal sites of disease. 1 Given these advantages, PET may also be useful in other mediastinal tumors, particularly malignant and metastatic masses.
Typical protocols include a 6-hour fast before 2-fluoro-2-deoxy (18 fluorine)-d-glucose (18FDG) injection. Oral and intravenous contrast may be administered depending on institutional preference. Often the PET data set is coregistered with CT with the technique varying from low-dose, nondiagnostic scans to full diagnostic quality images.
MIBG represents a guanethidine analog, similar to norepinephrine, radiolabeled with I-123. Once injected, chromaffin cells within abnormal sympathetic adrenergic tissue take up MIBG allowing it to serve in the imaging evaluation of posterior mediastinal neurogenic tumors. A detection rate of 90% to 95% has been found with neuroblastoma. 15 After administration, whole-body planar images are obtained at 24 to 48 hours.
PRACTICAL IMAGING ALGORITHM
The first step in accurate description of mediastinal masses is to correctly characterize the lesion as mediastinal in origin. Although this statement seems to be intuitive, very large mediastinal masses can extend into and fill 1 or both hemithoraces, mimicking a lung parenchymal or pleural mass. On the same note, large lung parenchymal masses can extend into the mediastinum simulating a mediastinal lesion. As such, 2 straightforward approaches have been proposed to help in accurately localizing mediastinal masses.
The simplest method, termed the "center method," begins with localizing the center of the lesion on the axial image where the largest diameter of the lesion is demonstrable. 4 The center represents the theoretical beginning of the lesion and has been shown to accurately classify masses to a specific mediastinal compartment in a study of 445 mediastinal masses. 3 If the exact compartment of origin remains in question after scrutiny of the axial images, coronal and sagittal series may be of value. The second method is called the "structure displacement tool." 4 In this method, the compartment of origin is identified by the shifting of structures from other mediastinal compartments as well as the direction of displacement. 4 For example, large paravertebral compartment masses displacing the heart and trachea anteriorly and to the contralateral side. In their updated description of mediastinal compartments, the ITMIG recommended the utilization of both of these tools to localize mediastinal masses. 4 Once the compartment of origin is determined, the mass should be further subcategorized into its structural constituents. In other words, on the basis of its imaging characteristics such as Hounsfield unit (HU) values and amount and distribution of enhancement, it is determined whether the mass is cystic or solid, whether there are fatty or calcific components, and whether the mass is intimately associated with certain key structural features such as extension along subcostal nerve roots. By accurate lesional and compartmental characterization, a defined differential diagnosis can be proposed and further refined in select cases to a specific diagnosis.
SPECTRUM OF IMAGING FINDINGS Prevascular Compartment Masses

Soft Tissue Masses
Thymus: The thymus is located in the prevascular compartment and is an encapsulated, bilobed, immune system organ. It primarily functions as a site for T-lymphocyte maturation. Its imaging appearance varies across the age spectrum (Fig. 2) , which can lead the unaware radiologist to errantly mistake a normal thymus for a mediastinal mass, especially in young children in whom the thymus may have bulging/convex lateral margins. Thus, it is imperative for radiologists to be aware of the shape changes the thymus undergoes during childhood and early adulthood. These are best appreciated and most often encountered on CR.
On CR, the thymus appears as a quadrilateral prevascular soft tissue density with outward convex borders from infancy until about 5 years of age. Around this time, the thymus develops straight margins, taking on a triangular configuration. The margins progressively become concave after age 15 until the thymus completely or nearly completely involutes in adulthood. 2 If the radiologist is still in doubt after the initial CR and the patient is less than 5 years of age, US is generally the next best test for evaluation.
On US, the thymus appears as a smoothly marginated, well-defined organ of uniform echogenicity, which molds to the adjacent structures and deforms with vascular and cardiac pulsations. The overall echogenicity closely resembles that of the liver with multiple hyperechoic septations scattered throughout the gland.
CT and MRI are rarely required for normal thymus evaluation, but the thymus is frequently demonstrated on these modalities when performed for alternative indications. Similar to US, the CT and MRI appearance of the thymus is that of a smoothly marginated, homogenous gland conforming to the adjacent mediastinal structures (Fig. 3) . No compression or displacement of the surrounding anatomy should be present. Thymic CT attenuation and MRI signal characteristics change over time to reflect gradual fatty glandular replacement. 16 Although these findings often help differentiate normal thymus from other anterior mediastinal abnormalities, 2 specific entities, that is, thymic variants and thymic hyperplasia, may cause confusion even in the experienced radiologist and warrant further discussion.
Notable thymic variants that may be mistaken for a pathologic mediastinal mass are suprasternal and retrocaval extension of the thymus. Of these 2, suprasternal extension is much more common and can be seen in up to 2/ 3 of infants and young children. 17 Here, the thymus extends superior to the manubrium and into the anterior-inferior neck (Fig. 3) . In a retrospective review of 200 patients, Costa et al 17 proposed several criteria for differentiating cervical extension from a pathologic mass on MRI, which include its appearance as a well-defined lobe of soft tissue, which is isointense to the main thymus, extending anterior to the trachea and great vessels in the base of the neck, and is in direct continuity with the main thymus. Although this may be appreciated on axial images, sagittal and/or coronal CT or MRI images are most helpful in showing the superior extension and direct continuity with the main thymus (Fig. 3) .
Retrocaval extension is rarer and appears as posterior thymic extension between the great vessels and superior vena cava. On CR, retrocaval extension may be confused for right upper lobe collapse or paratracheal lymphadenopathy. On CT or MRI, retrocaval thymic extension may be differentiated from a pathologic mediastinal mass by observing its continuity with normal thymic tissue and its homogenous attenuation or signal intensity, which matches that of the anteriorly positioned normal thymus. 2 Similarly, it may be difficult to distinguish thymic hyperplasia from other prevascular mediastinal abnormalities. Thymic hyperplasia occurs in 2 forms: lymphoid hyperplasia and true thymic hyperplasia. Of these 2, lymphoid or follicular hyperplasia is more commonly seen clinically and occurs in up to 2/3 of myasthenia gravis patients. 18 Most commonly, the thymus is normal in size and shape. However, occasionally, lymphoid and follicular hyperplasia may present as diffuse thymic enlargement (Fig. 4A ) or as a focal thymic mass (Fig. 4B) . Nevertheless, to our knowledge no imaging findings have been described to date to differentiate between lymphoid and follicular thymic hyperplasia.
True thymic hyperplasia results from increase in both the size and shape of the thymus while preserving thymic architecture, most commonly after atrophy resulting from medications, severe illness, or surgery. In 90% of cases, the thymus will atrophy after chemotherapy. 2 Upon recovery, the thymus increases in volume, returning to its original size or possibly exceeding its baseline value by up to 50%. 19 Recently, CT attenuation values have been shown to be significantly higher in lymphoid hyperplasia compared with true thymic hyperplasia with 41 HU being deemed an optimal threshold for differentiation between the 2. 20 However by CT alone, it may be difficult to distinguish thymic hyperplasia from tumor recurrence, particularly in the setting of thymic involvement by lymphoma. If on CT a prevascular mass has a bipyramidal morphology with the presence of gross intercalated fat, these findings are pathognomonic for thymic hyperplasia. 21 Nevertheless, these findings are not always present. In such cases, MRI or PET imaging can be beneficial.
On MRI, in-phase and out-of-phase gradient-echo imaging has been shown to accurately differentiate normal thymus and thymic hyperplasia from thymic neoplasms. 16, 22 In a prospective study by Inaoka et al, 22 the authors found uniform suppression of normal thymus and thymic hyperplasia on out-of-phase imaging due to interspersed microscopic fat, whereas thymic neoplasms uniformly did not suppress. Thus, MRI shows a unique ability to confirm the diagnosis of thymic hyperplasia without imparting radiation. Nevertheless, the diagnostic conundrum of thymic hyperplasia versus recurrent neoplasms often first arises on follow-up/off-therapy PET/CT. Here a standardized uptake value of <3.4 suggests thymic hyperplasia. 9 Thymoma: In contrast to children, in whom thymomas are rare and represent only 1% to 2% of pediatric prevascular mediastinal masses, thymomas are much more common in adults, comprising 20% of adult mediastinal neoplasms. 2, 19 Pathologically, thymomas are a thymic epithelial neoplasm containing a varied amount of lymphocytes, with 40% of patients presenting with paraneoplastic symptoms, most commonly myasthenia gravis. 2 Historically, thymomas are categorized as invasive or noninvasive with the divisions predicated on tumor extension beyond the surrounding fibrous capsule. However, this demarcation is often only demonstrated during pathologic analysis. As such, imaging is limited in its ability to differentiate between the 2, and usage of the terms "invasive" and "noninvasive" thymoma is discouraged in image reporting. As staging is primarily surgical/pathologic, imaging helps to guide surgical planning providing a "presurgical" staging, which has been shown to closely correlate with surgical/pathologic staging. 23 Thus, imaging findings such as macroscopic invasion of adjacent structures, pleural and pericardial metastasis, and distant metastatic disease should be sought for and described. [24] [25] [26] On CR, thymomas generally appear as an oval, prevascular mass with smooth margins and obliteration of the retrosternal clear space. Occasionally, the fibrous capsule may have a thin rim of calcification. 2 As the lesion increases in size and extends through the capsular margins, the borders may become irregular, the interface with the adjacent lung may be indistinct, and pleural nodules may be seen. Once identified, CT or MRI may be performed. 2 On CT, thymomas appear as well-defined, rounded or lobulated soft tissue density masses with associated mild enhancement (Fig. 5) . Similar to CR, as the masses invade adjacent mediastinal fat and normal mediastinal structures, CT findings include irregular borders, extension into the adjacent pleura, the diaphragm or the chest wall, and pleural nodules. Thirty percent of thymomas will have necrosis and internal cystic foci. 2 If an MRI is performed, thymomas appear similar morphologically to that on CT and are uniformly or heterogenously hyperintense on T2 with mild associated enhancement. 2 Dynamic MRI imaging, for example, the MRI "sniff test," may be used to provide a functional assessment of diaphragmatic motion and phrenic nerve involvement by the mass. In such cases, the tumor would be considered to be stage III with neoadjuvant chemotherapy likely administered before surgery. 24, 27 Thymic Carcinoid: Thymic carcinoid is a rare, highly aggressive tumor arising from neural crest cells within the thymus and occurs across the age spectrum with a median age of 43 years. 28, 29 In children, nearly all patients present with Cushing syndrome. In contrast, only 25% to 40% of adult patients present with endocrine disorders. 30 Most thymic carcinoids occur in male patients with a 3:1 male to female ratio. 29 Thymic carcinoids can occur in isolation or in association with multiple endocrine neoplasia, specifically type I. 20, [31] [32] [33] [34] The imaging appearance of thymic carcinoid is nonspecific, and it may be difficult to differentiate them from other invasive thymic neoplasms. They are often large at presentation with complete obliteration of the retrosternal clear space on CR. On CT or MRI, thymic carcinoids demonstrate a heterogenous enhancement pattern with areas of necrosis and invasion of adjacent mediastinal structures. 29 On PET imaging, they are often FDG avid. 35 Thymic Carcinoma: Thymic carcinomas rarely occur in the pediatric population and typically arise in the fifth and sixth decades of life. They are aggressive epithelial neoplasms with almost all patients symptomatic at presentation. 2 Given their adult age predilection, although still rarely occurring in children, both pediatric and adult imagers must be aware of their imaging features.
On CR, thymic carcinomas most often appear as irregular, large anterior mediastinal masses obliterating the retrosternal clear space. Internal dystrophic calcification may be seen on CRs but are better appreciated on CT. Thymic carcinomas on CT typically demonstrate irregular or lobulated margins with focal areas of decreased attenuation representing changes from prior hemorrhage, necrosis, or cyst formation (Fig. 6) . Invasion of the adjacent normal thoracic structures, such as the great vessels and bony thorax, as well as pericardial and pleural effusions may be seen, although these are not always present. 36 The MRI appearance of thymic carcinoma is similar to that of CT with heterogenous signal intensity within a large, irregular, prevascular mass. On both CT and MRI, thymic hyperplasia may be difficult to differentiate from high-risk thymoma. However, heterogenous contrast enhancement, cystic or necrotic components, great vessel invasion, and lymphadenopathy are significantly more likely to be present in thymic carcinoma compared with thymoma. 37 Compared with CT, MRI has been shown to be superior for depicting intratumoral hemorrhage. 37 In addition, diffusion-weighted MRI imaging can differentiate low-risk thymoma from highrisk thymoma and thymic carcinoma by the quantitative analysis of apparent diffusion coefficient (ADC) values. In a prospective study of 30 patients, Razek and colleagues found a statistically significant difference in ADC values, with lowrisk thymoma having a higher ADC value compared with high-risk thymoma and thymic carcinoma. 38 These finding led the authors to conclude that ADC values are a reproducible and reliable imaging parameter when characterizing thymic epithelial neoplasms and should be routinely performed when assessing these neoplasms. 38 Thyroid: Intrathoracic thyroid goiter affects approximately 5% of patients with thyroid disease and represents 10% of mediastinal masses. Seventy-five percent to 90% of cases involve the prevascular compartment and 10% to 25% occur within the paravertebral compartment. [39] [40] [41] [42] Intrathoracic goiter can be classified as primary or secondary, with the large majority representing secondary intrathoracic goiter, arising from the thyroid tissue within the neck and extending into the mediastinum. 39 Rarely, thyroid malignancy may invade into the prevascular compartment by direct extension.
On CR, prevascular thyroid goiter appears as a soft tissue mass within the base of the neck and prevascular mediastinal compartment, filling the retrosternal clear space, and displacing the trachea and great vessels with tracheal deviation seen in up to 37% of thyroid surgery patients on preoperative CR. 43 Despite this fact, Hong et al 43 found no correlation between tracheal deviation and increased difficulty with intubation, leading the authors to conclude that routine CR before thyroid surgery is not warranted. In contrast to tracheal deviation, tracheal compression with variable degrees of obstruction is highly associated with substernal goiter, found in up to approximately 97% of patients. Compression may be less readily apparent on CR as compared with CT and MRI, and advanced cross-sectional imaging may be warranted before surgery, particularly in patients presenting with substernal goiter and dyspnea. These findings are helpful in alerting the anesthesia team before attempted intubation, as tracheal compression with an inability to ventilate is a feared complication in substernal goiter patients undergoing anesthesia. On nonenhanced CT, goiters measure >100 in HU due to the thyroid concentration of iodine and have intense and prolonged enhancement after contrast administration. Frequently, calcifications are seen. MRI exquisitely demonstrates goiter extension from the thyroid as a prevascular, T2 hyperintense mass and has been shown to be useful for the evaluation of thyroid goiter in both the prenatal and postnatal child. 44 In contrast, intrathoracic thyroid malignancy has a variable appearance on CT and MRI with borders ranging from well-defined to ill-defined. Enhancement is heterogenous and adjacent invasion of normal mediastinal structures may be seen. 41 Lymphoma: Lymphoma is the third most common pediatric malignancy and is the most common pediatric prevascular mass. 1,2 Conversely, lymphoma represents only 2% to 10% of prevascular mediastinal masses in patients greater than 40 years old. 45 Lymphoma has been traditionally divided into Hodgkin and non-Hodgkin lymphoma (NHL), with Hodgkin characterized histologically by Reed-Sternberg cells and NHL by T-lymphocyte or Blymphocyte clonal proliferation. Hodgkin lymphoma more FIGURE 5. 38-year-old woman with a thymoma. Axial contrastenhanced chest CT image demonstrates a homogenous, welldefined, mass (arrow) within the prevascular mediastinal compartment, which is lower attenuation than the adjacent enhanced aorta. CT findings of a well-circumscribed, oval or round, offmidline prevascular, soft tissue mass favors thymoma over other prevascular mediastinal lesions.
commonly affects the thorax, but 50% of NHL cases have thoracic involvement. 2 The CR appearance of lymphoma is typically that of a large prevascular mass (Fig. 7) . 1 After CR, CT or MRI may be utilized for diagnostic confirmation and disease staging. On both modalities, lymphoma appears as either separate or confluent areas of lymphadenopathy or as a single large, lobular, often heterogenous mass, which displaces adjacent normal structures and may invade the thymus. In comparison with thymoma, lobulations, nodularity, and midline location on CT are significantly more likely in lymphoma. 21 Pleural effusions, pulmonary nodules, and chest wall involvement may be seen. Calcifications can occur after treatment, but are extremely rare in the pre-treatment setting. 1 Over the last decade, PET or combined PET/CT has supplanted traditional anatomic imaging for lymphoma staging and treatment response, with PET being more sensitive than MRI and CT alone for evaluating tumor presence within normal-sized lymph nodes. Nevertheless, there is significant interest in reducing or eliminating radiation-yielding imaging modalities for lymphoma evaluation and staging, particularly given its pediatric age propensity. Recent advanced MRI techniques evaluated for this purpose include diffusion-weighted imaging (DWI) and dynamic MRI. In comparison with PET, Mayerhoefer et al 46 found DWI to be only slightly inferior to PET/CT in the pretherapeutic staging and regional assessment in FDGavid lymphoma. However, the authors demonstrated DWI to be superior to PET in tumors with variable FDG avidity. Similarly, Punwani et al 47 found DWI to compliment PET in the assessment of treatment response, with tumors with adequate treatment response showing a significantly lower median pretreatment ADC than those with inadequate treatment response. Such findings suggest that MRI has the potential to replace CT in PET imaging with PET/MRI, although this modality is not currently widely available. Lastly, dynamic MRI has been shown to be useful in differentiating lymphoma and thymoma, with lymphoma having a significantly longer time to peak enhancement. 48 These findings suggest that MRI will have an increased role in imaging of mediastinal lymphoma, with the potential to reduce, or possibly eliminate the need for other radiationyielding imaging.
Fatty Masses
Lipoma: Similar to lipomas arising in other areas of the body, prevascular lipomas are well-encapsulated fatty masses with an identical composition to subcutaneous fat. Generally, they are asymptomatic due to the mass's pliability, incidentally detected on imaging performed for an alternative reason.
On CR, lipomas appear as a well-defined mass with convex borders. The mass may be radiolucent relative to the adjacent soft tissues. The fatty composition of these lesions are well demonstrated on both CT and MRI, with CT demonstrating a smoothly marginated mass of fatty attenuation. If MRI is performed, the mass is hyperintense on T1-weighted images becoming hypointense with fat saturation on T1-weighted and T2-weighted images. Postgadolinium images demonstrate no internal enhancement.
Liposarcoma: Liposarcoma is the most common malignant mediastinal mesenchymal tumor and most commonly arises in the prevascular mediastinal compartment. 49 Patients may be asymptomatic with a mass found incidentally on imaging obtained for an alternative indication. If symptomatic, patients may present with tachypnea, superior vena cava syndrome, chest pain, and weight loss.
On imaging, mediastinal liposarcomas have similar imaging characteristics as those found in liposarcomas elsewhere in the body and can range from predominantly fatty prevascular mediastinal masses to a solid mass lesion with little to no macroscopic fat evident. 50, 51 Given the fatty components, it may be difficult to distinguish liposarcomas from lipomas, thymolipomas, and mediastinal germ cell tumors. However, like elsewhere in the body, liposarcoma should be the primary consideration in large prevascular mediastinal masses containing predominantly enhancing soft tissue components with little interspersed fatty areas.
Germ Cell Tumors: Prevascular mediastinal germ cell tumors account for 6% to 18% of pediatric mediastinal masses and <5% of adult prevascular mediastinal masses. 45 They are typically located within or near the thymus and result from halted migration of primitive germ cells to the gonads. Most are benign (mature) teratomas. However, 14% are malignant teratomas (immature), with nonteratomatous germ cell tumors being rare. 1, 2, [52] [53] [54] Mature and immature teratomas appear as large, wellcircumscribed masses on CR. Dystrophic calcifications may occur in 25% and may be helpful in suggesting the appropriate diagnosis on radiographs alone. 2 Generally, CT or MRI is utilized after CR and demonstrate a complex solid and cystic mass (Figs. 8, 9 ). Hallmarks of both benign and malignant teratomas include fluid, fat, and calcific components. 1,2,55-58 Demonstration of enhancing soft tissue components serves as a suggestive, but not definitive, differentiator between benign and malignant lesions, as malignant teratomas are more likely to have enhancing soft tissue components (Fig. 9) . 2 An additional feature that helps to differentiate between teratoma subtypes is invasion of adjacent normal mediastinal structures, a feature suggestive of malignancy. 2 Nevertheless, it is not always possible to differentiate mature from immature teratomas by FIGURE 7 . T-lymphoblastic lymphoma in a 9-year-old boy presenting with cough. Axial CT image of the chest using intravenous contrast shows a prevascular mediastinal mass with compression on the left brachiocephalic vein and significant narrowing of the airways (arrow). Given the patient's age, lymphoma would be the primary consideration for these CT findings.
imaging and rarely invade adjacent normal mediastinal structures. 59 In advanced stages, lymph node and bone metastasis can be seen. In contrast, nonseminomatous germ cell tumors are most often heterogenous on cross-sectional imaging with foci of necrosis and hemorrhage. Invasion of adjacent mediastinal structures is more common with distant site and regional node metastasis in advanced disease. Regardless, both seminoma and nonseminomatous germ cell tumors may be difficult to distinguish from other malignant anterior mediastinal masses with a reported diagnostic accuracy of 35% by CT alone, 27% by MRI alone, and 31% by CT and MRI in combination. 59 Thus, imaging alone may not provide a definitive diagnosis, although imaging in concert with elevated tumor markers, that is, a-fetoprotein and/or human chorionic gonadotropin, may point to the ultimate diagnosis. 60 
Cystic Masses
Thymic Cyst: Thymic cysts may be congenital or acquired and are a rare cystic, fluid-filled mass in the prevascular compartment. Although thymic cysts are generally found in the infrahyoid neck, they may be found anywhere from the pyriform sinus to the prevascular mediastinum. When congenital they most commonly originate from the thymopharyngeal duct remnant and are unilocular with barely perceptible walls on imaging. 16 In contrast, acquired thymic cysts occur after inflammation, particularly in association with human immunodeficiency virus, and are often multilocular. 16, 61 On CR, thymic cysts are often occult, being obscured by the normal thymus. However, with CT or MRI, they become much more conspicuous. On both, thymic cysts most often appear as well-defined, smooth-walled, nonenhancing cystic lesions within the thymic parenchyma. However, on CT, thymic cysts can have increased attenuation values and be mistaken for solid or complex cystic lesions. 21 Because of this fact, MRI shows a clear advantage over CT, as it more consistently demonstrates the cystic nature of these lesions with better characterization of the cyst contents. 16 Typically, thymic cysts are hypointense on T1-weighted imaging, although T1 signal intensity can vary depending on overall proteinaceous content of the cyst fluid, that is, simple fluid versus hemorrhagic or proteinaceous fluid. Thymic cysts are always T2 hyperintense, although the degree of hyperintensity is variable. Comparison of unenhanced and enhanced images definitively characterizes the cystic nature of these lesions demonstrating the lack of internal enhancement, a clear advantage over CT, which would require unenhanced and enhanced CT images, doubling the radiation dose given to the patient. 16 Lymphatic Malformation (LMs): LMs result from congenital maldevelopment of the lymphatic channels resulting in a lymph-containing multicystic mass. Although they may occur anywhere in the body, they most commonly affect the axilla, cervicofacial region, presacral area, and the retroperitoneum. Intrathoracic LMs are rare, comprising only 1% of cases, 62 with the prevascular mediastinum most often affected. As a rule, they do not respect fascial/spatial boundaries.
On CR, LMs appear as large soft tissue masses, which may extend into or extend from the base of the neck or the adjacent chest wall. Cross-sectional imaging (Fig. 10) is nearly uniformly used, as the CR appearance is nonspecific. In a very young child, US may be used and demonstrates a heterogenous, multicystic mass with no vascular flow within the cystic components on Doppler. In most cases, however, CT or MRI is performed, as US may be limited in defining the overall mass extent. MRI, particularly when performed using newer motion correction sequences, exquisitely demonstrates both the cystic and solid components as well as the lesional extent and is the imaging modality of choice. The intracystic contents are most often hyperintense on T2 but may have a variable T1 appearance, depending on protein content or prior hemorrhage. Following gadolinium, the cyst walls may enhance. If prior infection or hemorrhage has occurred, variable internal enhancement may be seen. 2 Time-resolved MR angiography may be helpful to assess for 
Visceral Compartment Masses Foregut Duplication Cysts (FDCs)
Resulting from embryonic foregut malformation, FDC are divided into 3 main types on the basis of histologic analysis, for example, bronchogenic, esophageal, and neurenteric cysts. FDCs are the most common primary visceral compartment mass, the most common mediastinal cystic mass, and represent 11% of pediatric and 20% of adult mediastinal masses. 1, 52, 63 Few imaging features are helpful in differentiating between the types of FDCs with 1 exception; the presence of a vertebral cleft with a visceral compartment lesion is pathognomonic of a neurenteric cyst.
On CR, FDCs appear as an oval or rounded, smoothly marginated soft tissue mass. On CT and MRI, they are wellmarginated cystic lesions with minimal to no cyst wall enhancement in uncomplicated cases (Fig. 11) . In 50% of cases, the cyst contents are uniformly hyperintense on T2-weighted images and measure at or near 0 HU on CT, consistent with simple fluid. 2 If infection or intracystic hemorrhage has occurred, the intracystic contents become more proteinaceous and increased in attenuation and may be confused for other mediastinal masses. Accurate localization to the visceral compartment may be helpful for correct diagnosis. If CT remains indeterminate, MRI is particularly helpful as the contents may be hyperintense on pregadolinium T1-weighted images or fluid-fluid levels may be demonstrated. In addition, with prior infection, the cyst walls may become thickened and irregular with more robust enhancement. . 5-year-old boy presenting with a heart murmur. A, Axial contrast-enhanced chest CT image demonstrates a welldefined, nonenhancing fluid attenuation mass (*) within the subcarinal region of the visceral compartment consistent with a foregut duplication cyst. There is associated mass effect on the proximal right pulmonary artery (RPA). Of note, MRI is superior to CT for the evaluation of foregut duplication cysts as hyperdense cystic contents may make these lesions appear solid on CT imaging alone. B, High-magnification histologic specimen showing ciliated respiratory mucosal lining with bronchial glands and cartilage, characteristic of bronchogenic cyst. AO indicates aorta; MPA, main pulmonary artery. 
Infectious Visceral Compartment Masses
Granulomatous infection, from histoplasmosis or mycobacterial tuberculosis may result in fibrosing mediastinitis, a mass-like proliferation of fibrous tissue and collagen. 64, 65 This mass-like lesion may be highly infiltrative and aggressive-appearing, surrounding and narrowing other mediastinal structures, with affected patients presenting with dysphagia, respiratory distress, and neck and facial swelling.
Fibrosing mediastinitis generally presents as a paratracheal or subcarinal soft tissue mass on CR. Crosssectional imaging, particularly CT, is helpful in further defining the extent with categorization into diffuse or focal types (Fig. 12) . 66 Focal fibrosing mediastinitis calcifies in 63% of patients and presents as a subcarinal, hilar, or paratracheal soft tissue mass. 66 In contrast, diffuse fibrosing mediastinitis almost always calcifies and appears as an aggressive, infiltrative soft tissue mass, which may extend to involve multiple mediastinal compartments, surrounding and compressing multiple normal structures.
Neoplastic Visceral Mediastinal Masses
Lymphoma: Although lymphoma most commonly involves the prevascular compartment, it can involve the visceral compartment either by contiguous spread from the prevascular compartment or as a focus of primary visceral compartment involvement. Imaging features are similar to that seen with prevascular lymphoma and include a large conglomerated mass displacing and compressing normal adjacent structures or individual, often bulky lymphadenopathy. Generally, CR is performed first followed by PET/ CT for staging and treatment response assessment. However, as above, MRI likely plays an increased role in mediastinal lymphoma.
Midline NUT Tumor: Nuclear protein in testis (NUT) midline carcinoma is a rare, highly aggressive carcinoma resulting from chromosomal rearrangement of the NUT, located on chromosome 15q14. This translocation results in a BRAD4-NUT fusion oncogene. [67] [68] [69] NUT midline carcinoma most commonly occurs in adolescents and young adults originating in a midline body location, primarily the head, neck, and mediastinum. 70 Imaging findings of mediastinal NUT midline carcinoma are nonspecific, with relatively little reported in the imaging literature describing these lesions. CR appearance depends on the mass extent ranging from a focal mass within the visceral compartment to complete hemithorax opacification. 69 Of the cases reported in the literature, NUT midline carcinoma appears on CT as a low-density infiltrative mass with heterogenous enhancement. Infiltration and/or compression of adjacent mediastinal structures, intralesional calcification, and internal necrosis have also been described. [67] [68] [69] MRI features correlate with those of CT with diffuse heterogeneity, predominantly T1 hypointensity, and hyperintensity on T2 with heterogenous enhancement. 67 PET/CT evaluation has been described with the tumor being FDG avid except in areas of necrosis. FDG avidity has also been found to correlate well with clinical status and tumor burden on CT-that is, serial increased FDG avidity correlates with tumor progression. 67, 69 Metastatic Disease: Visceral compartment metastatic disease primarily involves spread from locoregional and distant disease to the mediastinal lymph nodes. In children, no defined size criteria has been established to differentiate pathologically enlarged from normal-sized lymph nodes, although some authors argue that any mediastinal lymph node visualizable on CT should be considered abnormal in children. 71 Nevertheless, newer standard anatomic response criteria assign lymph nodes as pathologically enlarged if the short-axis dimension measures Z10 mm, regardless of age. In children, the most common metastatic disease to the visceral compartment lymph nodes outside of lymphoma are Wilms tumor, Ewing sarcoma, and osteosarcoma. In contrast, the most common adult metastasis is from lung malignancy such as small cell lung cancer.
CR findings vary from normal to a lobulated soft tissue mass within the visceral compartment. For further evaluation, CT or PET/CT in the case of known malignancy is most often performed next and demonstrates single to multiple enlarged visceral lymph nodes with FDG avidity greater than blood pool. Similar to lymphoma, MRI will likely play an increased role in metastatic lymph node imaging. In cases of osteosarcoma, calcifications may be seen on CT in metastatic lesions in chest.
Pitfalls
Pseudoaneurysm: In contrast to true thoracic aortic aneurysms, which contain all 3 layers of the aortic wall, thoracic aortic pseudoaneurysms contain <3 layers and are bounded peripherally by the adventia or periadventia soft tissues. 72 Most commonly, they result from prior cardiac surgery. 72, 73 In those posttraumatic patients who reach the hospital, the aortic isthmus represents the site of injury in 90%. In patients who survive, 2.5% will develop chronic aortic pseudoaneurysm, which may rupture years after injury. 72, 74, 75 A large portion of chronic aortic pseudoaneurysm may present later in life on imaging for an alternative reason. In these situations, they can simulate a mediastinal mass in any of the spaces that they are located on.
On CR, chronic pseudoaneurysms appear as focal soft tissue masses, which may displace adjacent vascular structures (Fig. 13A) . Thrombus or calcification may be seen and can simulate calcifications associated with teratomas. 72, 76 MDCT demonstrates continuity with the thoracic aorta. The pseudoaneurysm appears as a focal aortic dilatation or diverticulum with internal contrast enhancement similar to the adjacent normal aorta (Figs. 13B, C) . Similarly, MR angiography with either time of flight or postgadolinium sequences has a similar appearance to that of CT but is often not used in the acute setting.
Other Vascular Lesions: Although the heart and pericardium are included within the visceral compartment, a full discussion of both vascular and nonvascular lesions of the heart and pericardium is beyond the scope of this review. Multiple lesions including coronary artery and cardiac sinus abnormalities, cardiac structural abnormalities, pericardial cysts, pericardial sleeve variants, and true cardiac neoplasms can present as focal visceral compartment masses.
Paravertebral Mediastinal Masses
Neurogenic Tumors
Sympathetic Chain Ganglion Origin Tumors: Thirty-four percent of pediatric mediastinal masses are located in the paravertebral compartment, with 88% to 90% being neurogenic in origin. 1, 2 In adults, 20% of mediastinal masses have a neurogenic origin. 63 Approximately 80% of these neurogenic tumors arise in the paravertebral sympathetic chain ganglion. In children, most are neuroblastomas (Fig. 14) with the remainder composed of ganglioneuroblastomas (Fig. 15A) and ganglioneuromas (Fig. 15B) . These tumors form a disease spectrum with neuroblastomas having the least cellular differentiation and being the most malignant, whereas ganglioneuromas have the most cellular differentiation and are the least aggressive. Imaging is insensitive for differentiation between the 3 types, although older patients or incidental detection suggests lesions on the more benign spectrum.
Calcifications are seen in up to 30% of tumors on CRs with the mass appearing as a well-defined soft tissue opacity in the paravertebral compartment. 2 Rib and vertebral body erosions, neuroforaminal widening, and intercostal splaying may also be demonstrated. On CT, they appear as well-defined, lenticular-shaped paravertebral masses with curvilinear or punctate calcifications (Fig. 14) . They may be uniformly homogenous to very heterogenous depending on the presence and degree of intratumoral necrosis. Although demonstrable on CT, neuroforaminal invasion and intraspinal canal extension is shown to best advantage on MRI with the mass being hyperintense on T2-weighted images (Fig. 15A) . Rapid enhancement occurs after contrast material administration, reflecting their highly vascular nature. FIGURE 13. 5-month-old girl with cough. A, Frontal CR demonstrates widening of the mediastinum and abnormal mediastinal contour (arrow). The patient was diagnosed first with an anterior mediastinal mass likely due to lymphoma on the emergency room visit. Further evaluation of the patient's history revealed prior cardiac surgery including placement of a right ventricle to pulmonary artery conduit for truncus arteriosus repair. B, Axial chest CT angiographic image reveals a large pseudoaneurysm arising from the right ventricle conduit (arrow) and causing compression on the right branch pulmonary artery. C, Volume-rendered 3-dimensional reformatted image shows a large pseudoaneurysm (pink structure) from the main pulmonary artery conduit. Urgent surgery was performed. Although vascular lesions are occasionally omitted from the mediastinal mass differential diagnosis, they represent a potential pitfall to the unaware radiologist.
MIBG imaging is particularly useful in the workup and treatment evaluation of these lesions and should be performed before surgical or medical intervention. On planar and singlephoton emission CT MIBG imaging, neuroblastomas show abnormal radiotracer uptake within the paravertebral compartment. It is important to note before treatment whether neuroblastomas are MIBG positive. If a lesion is responsive to chemotherapy, the tumor will become MIBG negative as it involutes. In unresponsive or recurrent neuroblastoma, if the tumor is initially positive and subsequently becomes nonavid for MIBG, this denotes a poor prognostic sign.
Nerve Root Origin Tumors: Thoracic nerve root origin tumors, for example, schwannomas and neurofibromas, are composed of myxoid stroma and spindle cells and arise from intercostal nerves within the paravertebral compartment. They are less common in children relative to sympathetic chain ganglion tumors. Neurofibromatosis type 1 should be suspected in the setting of plexiform neurofibromas. Very rarely, malignant peripheral nerve sheath tumors (PNSTs) may arise de novo or from existing plexiform neurofibromas and schwannomas. 2 PNSTs appear on CR as elliptical or rounded, welldefined soft tissue masses within the paravertebral compartment (Fig. 16) . They may cause osseous remodeling of the vertebral bodies and ribs as they grow along nerve roots. 63 The "ribbon rib" sign is a classic radiographic finding often associated with neurofibromas when significant rib erosions develop.
The CT appearance of schwannomas and neurofibromas is similar. On CT, schwannomas appear as round, welldefined lesions with smooth margins and are isodense or hypodense to the adjacent chest wall musculature. They have a variable enhancement pattern after contrast material administration including multiple hypodense or cystic areas, diffuse heterogenous enhancement, peripheral enhancement with central hypodensity, and central enhancement with peripheral hypodensity. Similarly, neurofibromas appear as smooth, oval or rounded paraspinal masses displacing adjacent structures and often extending along the margins of the ribs. Like schwannomas, neurofibromas are generally isodense to muscle. They show variable enhancement after contrast material administration. 77 In contrast to CT, MRI is better able to characterize and differentiate between schwannomas and neurofibromas. On T1-weighted imaging, schwannomas demonstrated T1 signal intensity that is equal to or greater than chest wall musculature. Similarly, neurofibromas have uniform low T1 signal intensity equal to muscle. T2 signal intensity is helpful in differentiating the 2, with neurofibromas having peripheral, rim-like T2 hyperintensity with low signal centrally giving the classic "target" sign. In FIGURE 14 . Neuroblastoma in an 8-month-old boy. Axial contrast-enhanced chest CT demonstrates a large paravertebral mass with amorphous internal calcifications (arrow) and compression and displacement of the heart with esophageal and aortic displacement. There is subtle invasion into the spinal canal better demonstrated on follow-up MRI (not shown). As this mass demonstrates, large mediastinal masses may be difficult to localize. However, evaluation of normal structure displacement readily demonstrates that this lesion originated in the paravertebral compartment. FIGURE 15. A, 9-year-old boy with ganglioneuroblastoma. Axial turbo spin-echo T2-weighted image without fat saturation demonstrates a large, heterogenous but mostly hyperintense, right paravertebral mass with invasion of the adjacent neuroforamen and displacement of the thecal sac. Notably, MRI is superior to all other imaging modalities for demonstrating the invasion of the spinal canal and should be performed in cases of paravertebral compartment masses. B, 6-year-old girl presenting with fever and vomiting. Axial contrast-enhanced chest CT shows a well-defined left paravertebral soft tissue mass (arrow) consistent with a pathologically proven ganglioneuroma.
contrast, T2 signal intensity is often heterogenous in schwannomas with intermediate to high signal compared with adjacent fat. Both demonstrate avid enhancement after contrast material administration. 77 Malignant PNSTs have a more aggressive appearance on imaging with areas of necrosis, variable enhancement, and intraspinal extension. Other features that help suggest malignant rather than benign PNSTs are rapid growth over serial imaging, pleural effusions, metastatic pulmonary nodules, and local invasion. 2, 77 In addition, PET also may be helpful in distinguishing malignant degeneration of a benign PNST in the setting of type 1 neurofibromatosis. 78 
Miscellaneous
Posterior Diaphragmatic Hernia: The diaphragm is the primary muscle of respiration, with the septum transversum forming its ventral component during the third to fifth week of gestation. 79 The septum transversum progressively extends posteriorly to fuse with the foregut mesentery and the thoracic wall muscles to form the posteromedial and posterolateral diaphragmatic components, respectively. The Bochdalek (pleuroperitoneal) foramina, located posterolaterally, is the last to close. 79 Both congenital and acquired diaphragmatic hernias can simulate a paravertebral compartment mass, particularly when large, and must be considered in the differential diagnosis.
Congenital diaphragmatic hernias have a prevalence ranging from 1.7 to 5.7/10,000 live births, with the most common being a Bochdalek hernia. [79] [80] [81] [82] Eighty percent of Bochdalek hernias are left sided, and rarely are they bilateral. 79 Most present during early childhood, especially if large, because of pulmonary hypoplasia. However, small congenital diaphragmatic hernias may remain asymptomatic and be found in adulthood during which they are incidentally detected.
Acquired diaphragmatic hernias may be posttraumatic, most commonly left sided, or iatrogenic, in cases in which the diaphragm is injured during thoraco-abdominal surgery. 79 Both may occur anywhere along the age spectrum.
CR is generally the first imaging study performed postnatally and in older children and adults. Posterior diaphragmatic hernias appear as a soft tissue mass without or with intestinal gas. In the case of traumatic diaphragmatic hernia, associated hemopneumothorax and rib fractures can be seen. 79 CT is usually the next study performed and, in most cases, clearly visualizes the hernia site and herniated organs. Multiplanar reformations and 3-dimensional reconstructions help improve depiction of the diaphragmatic discontinuity as well as any associated findings such as bowel constriction or obstruction. MRI is typically not utilized in the postnatal period because of its sensitivity to motion artifact and need for sedation in young children. However, prenatally, MRI has increasingly been used to confirm the diagnosis by discriminating lung lesions, which may simulate a diaphragmatic hernia, while at the same time evaluating for associated anomalies and providing detailed thoracic anatomy. 83 Depending on the gestational age, herniated bowel can range from T1 hypointense to T1 hyperintense, reflecting the degree of meconium. T1-weighted images are also useful in verifying the liver location and have been shown to be more accurate than US for liver herniation. 83, 84 In addition, although no single marker is absolutely predictive of postnatal mortality, the degree of pulmonary hypoplasia is an important determinant of patient survival. In this setting, MRI has been shown to offer a better predictive value as compared with US and is progressively becoming the imaging modality of choice. 85 Extramedullary Hematopoiesis: In patients with ineffective erythropoiesis, for example, sickle cell anemia and thalassemia, hematopoietic cells may proliferate outside of the bone marrow leading to "tumor-like" formations. 86, 87 Although a multitude of sites has been described for extramedullary hematopoiesis, the paravertebral mediastinum is one of the most common, and paraosseous extramedullary hematopoiesis is the most common intrathoracic manifestation. 87 In this location, extramedullary hematopoiesis may be confused for other paravertebral masses; thus, imaging plays a crucial role along with patient history in evaluation and differentiation.
CR demonstrates a smooth or lobulated, well-defined paraspinal mass with sizes ranging from small isolated foci to extensive and bilateral masses. Rib expansion and inner cortex permeative erosions are also a common radiographic finding, particularly in b-thalassemia. 88, 89 On CT, extramedullary hematopoiesis appears as a sharply defined paraspinal mass with exuberant contrast enhancement. Iron or fatty deposition in long-standing lesions as well as internal calcification have been reported. 87, 88, 90 MRI findings are nonspecific but can be suggestive of the diagnosis, particularly when bilateral paravertebral masses are present in the setting of diffuse low signal in the vertebral bodies, corresponding to iron deposition. 88 As extramedullary hematopoiesis may also extend into the spinal canal, MRI has supplanted all other imaging methods for the diagnosis and follow-up of associated cord compression. 86 
CONCLUSIONS
Imaging plays a vital role in the evaluation of mediastinal masses in both children and adults. CR is often the first modality utilized in all age groups. Following radiographs, CT or MRI is often used to localize and further characterize mediastinal masses, in select cases yielding a definitive diagnosis. A new CT-based classification system has been recently reported and should be incorporated into our imaging interpretation scheme. Knowledge of this system, as well as the strengths and weaknesses of each imaging modality and the imaging characteristics for each lesion, is crucial as it helps in establishing a cost-effective imaging plan, guiding diagnosis and treatment decisions and ultimately leading to improved patient outcomes.
